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le of the Invention: 
ONDARY .BATTERY POWER, STORAGE .SYSTEM 




of Invention: 

Field of Invention: 

The present invention relates to a secondary battery electric 

power storage system, and, more particularly, to a battery system 

pro ^(<%e£ /ne^Mjs 
which is ^Liio4i+4e4 with evaluat ion *e£tms of the soundness and the 

residual power of a battery, the distribution of the surplus 

electric power of a battery, and the optimum charge/discharge 

control of a battery. Most secondary batteries for automobiles, 

uninterrupted power supplies and the like have been lead-acid 

batteries. 

The diffusion of electric power storage systems and 
electric vehicles, and the development of secondary batteries 
capable of storing electric power in a high energy density have been 
strongly desired to meet rising necessity for the leveling of power 
demand and progressively increasing demand for global environmental 
protection, and the development of new batteries has been expected. 

Various kinds of large-capacity secondary batteries including 
nicketeadmium batteries, nickel-metal hydride batteries, lithium 
batteries and sodium-sulfur batteries will gome^onto the market in 
the future for various purposes. When - man ag 1 ngfca 1 1 e r i - e s , 
appropriate charging and discharging of batteri.es according to their 
characteristics are essential to securing the soundness and the long 
life of batter ies.^ Eadi battery has opocific charg o /discharge 
ch aracter i5t rc3, Janfr -tem perature characteristic, ra -te— eh- ar actor iot i e 
a nd n n 1 f— d i nnhn rgr* rrhnrnrt^r i n t i r vnry fr^m battery tn batt^ r y . 

In view of the convenience of using the battery, the residual 
capacity of the battery must be known as accurately as possible. 

Charging systems, temperature management and methods of 
determining the residual capacity for each of those batteries have 
been proposed. There have been known, for example, methods of 
detecting the residual capacity on the basis of only voltage 
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(Japanese Patent Laidopen (Kokai) Nos. 58-85179 and 61-135335) , a 

method of managing the residual capacity on the basis of voltage and 

current (Japanese Patent Laid-open (Kokai) No. 52-32542), methods of 

managing the residual capacity on the basis of current and time 

(Japanese Patent Laidopen Nos. 50-2130, 56-26271 and 59-28678), a 

method of managing the residual capacity on the basis of measured 

capacitance (Japanese Patent Laid-open (Kokai) No. 2-301974), a 

method of managing the residual capacity on the basis of voltage, 

current and temperature (Japanese Patent Laid-open (Kokai) No. 2- 

170372), a method of managing the residual capacity on the basis of 

internal resistance (Japanese Patent Laid-open (Kokai) No. 3-163375), 

a method of managing the residual capacity that integrates current 

and takes charge efficiency, discharge efficiency and temperature 

characteristics into consideration (Japanese Patent Laid-open (Kokai) 

No. 63-208773), and methods of determining the residual capacity 

ofl^he basis of the specific gravity of the electrolytic solution 
A 

(Japanese Patent Laid-open (Kokai) Nos. 56-24768, 57-88679 and 57- 
210578). 

The capacity of a battery is dependent also on the charge and 

discharge history of the battery. For example, the capacity of 

nickel -cadmium. batter ies and nickel-metal hydride batteries 
due, ( i-yo 

decreases^ dtt^er memory effect if shallow discharge and charge are 
repeated. In lithium batteries, lithium is accumulated on the 
positive electrode/a nd in the mat e rial forming th e- nogati -ve 
m aterial to d o g 4^ade— 1- 4 L hi uwba Li oi iu^ if the balance uf char -go— ami 
di- scha - rgo is d e stroyed and, — th ere f ore , — th e power of lith -i-um 
bart-t^rtes- must b e disch a «cged after d o e consideration of t hg 
charged capacity,- It is very important with combination batteries 
to know the charged capacity. Since the variation of the voltage 
of nickel-metal hydride batteries, as compared with that of 
nickel -cadmium batteries, in the final stage of charging is obscure, 
nickel-metal hydride batteries may be overcharged causing drying of 
the electrolyte or increase in the internal pressure and entailing 
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safety problems unless nickel-hydrogen batteries are charged after 
due consideration of the discharge capacity. Since the capacity of 
batteries is greatly dependent on temperature, charging rate and 
discharging rate, the charge and discharge history of batteries 
must be taken into account. Charging systems have been studied 
with such problems in view. For example, a charging system 
disclosed in Japanese Patent Laid-open (Kokai) No. 4-308429 charges 
a battery after detecting the fully discharged condition of the 
battery from the end voltage or time to solve problems due to 
memory effect, and a charging system disclosed in Japanese 
Patent Laid-open (Kokai) No. 61-81139 charges a battery after 
detecting the fully discharged condition of the battery from the 
end voltage or time to prevent overcharge. 

A method of determining the residual capacity of a battery on 
the basis of the specific gravity of the electrolyte is applicable 
only to lead-acid batteries. Although a method of managing the 
residual voltage on the basis of the voltage is effective when 
applied to lead-acid batteries and lithium batteries the voltage of 
which varies comparatively widely during charging and discharging, 
the same is unsuitable for application to nickel -cadmium batteries 
and nickel-metal hydride batteries the residual capacity of which 
cannot be determined on the basis of only the voltage. It is 
difficult to predict the residual capacity accurately on the basis 
of cu r r e n t ^nqt cmpo^ lit u rJ^ o r on the basis of time besides on the 
basis of voltage under A oporat i rfgycon ri i T 1 nn t where discharge rate 
changes. When managing the residual capacity of a battery on 
the basis o f f S^o\if^in ffi^lffi ^ e s i s t an c e or capacitance, it is 
difficult to determine whether the increase of the internal 
resistance is due to. the deterioration of the battery or whether 
the increase of the A i ntorna^rooiotanco> is due to the exhaustion 
of the battery unless the mode of deterioration of the battery is 
precisely known. The management of the residual capacity on the 
basis of integrated current, charging efficiency, discharging 
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efficiency and temperature^ab-a4 ^ r €to risticg r s a "^ ' e ^ ^ p r^^ t the 
residual capacity considerably accurately, however, 4Hprs~di f f i cul t 
to determine^the residual capacity unless the capacity of the 

battery is known when the capacitv of the battery is reduced 

s^P~ discharge. ^ t , ^. . 

fi> greatly or they^ &o 4 f d -r ochargoof the battery is large. Since the 

prior art methods of determiningpthe residual capacity of batteries 



are applicable only to specific batter ies,^^^^^! vefyanrL hence 
each battery requires a specific control. 

The system proposed to eliminate memory effect (Japanese Patent 
Laid-open (Kokai)No. 4-308429) and the system proposed to prevent 
overcharge (Japanese Patent Laid-open (Kokai) No. 61-81139) are 
p intended to suppress the deterioration of a battery ^Hidto simplify 

a charging method when the battery is used as the power supply of 
^ ^a ^^ 1 ^kp^^fc^ t^^nc^ a charge/discharge control method taking 

the characteristics and the history of batteries has not been 
proposed. 

The difference between diurnal power demand and nocturnal power 
demand has progressively increased in recent years, and diurnal 
power demand in summer is approaching the upper limit of total power 
generating ability of power stations. Power storage techniques are 
effective means for solving problems attributable to the wide daily 
and seasonal variation of power demand. For example, electric power 
storage methods published in Denki Gakkai-shi, Vol. Ill, No. 3, pp. 
£ 185-188 ( 1992) ^n^&^S* ins tal 1 large-capacity secondary batteries in 

a substation to store (to charge) surplus electric power generated 
in the nighttime and to deliver (discharge) the stored power when 
power demand reaches a peak in the daytime. However, nothing is 
mentioned about concrete means for the maintenance of soundness of 
the secondary batteries and the effective use of residual power. 

Summary of the Invention 

Accordingly, it is an object of the present invention to 
provide a distributed electric -e+e ctr i -6 power storage system capable 
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of maintaining the soundness of secondary batteries and of 
effectively using residual power. 

The present invention provides a secondary battery electric 
power storage system comprising a secondary battery connected to a 
load, and a ^ e har&e/d - i - ocharg e unit capable of being connected to a 
power system and connected to the secondary battery and a plurality 
of ^^^ } ^^l^^^ er ^ ze(i by a controller for controlling the 
^harge/di - se - harg -e unit according to information about the secondary 
battery and the plurality of loads. 

At least either the plurality of loads or the secondary battery 
is connected to the controller by an information transmitting means. 
A secondary battery electric power storage system comprising: 
a secondary battery connected to a load; 

a detecting device for detecting a residual electric power 
of said secondary battery; 

a g hargo/di aihargc - unit connected to a power source and to 
A 

said secondary 

battery; e*j**i s-cJK 

a control unit connected to said , ehargc/di ocharg e uni t ; and 
a signal line for transmitting information on^.^4^^-4 and 
said secondary battery to said control unit, wherein said 
chargo/disc - h - arg g unit discharges electric power of said secondary 
battery to said load when said residual electric power is larger 
than a predetermined value and when the residual electric power is 
smaller than the predetermined value, the electric power is 
discharged to said power system or said load through said 
charge/d* s?hflr£p» unit, prior to charging of said secondary battery. 
^ A secondary battery electric power storage system , wherein said 
^s^n^r^atte^ ry is connected to a plurality of loads^a»4-&»id " 
wiring for signaling- for transmitting information on said loads and 
said secondary battery to said control unit, wherein said 
g kargc/discharg e unit distributes electric power of said secondary 

A 

battery among said loads when said residual electric power is larger 




- - than th? .predetermined value, A secondary battery electric power 

L/ ^ toragrtsystcm comprising: a secondary battery connectable to a load; 

a/-6 ha?g e/ di scliai g e unit connectable to the secondary battery, said 
T> -eharge /il i scl t3^ge-> un i t being connectable to a power system and either 

a plurality of loads or a plurality of electric power s- t -r-age units; 
a detecting device for detecting a residual electric power in the 
-s econd ry .< / battery ; and a control unit for controlling the 
^ ehargc/di scharg e unit on the basis of information from the secondary 

battery and at least one of the loads or electric power -s^-rag^un 1 ts, 
wherein electric power in the secondary battery is discharged to at 
least one of the loads when the residual electric power is larger 
than the predetermined value, and the residual electric power is 
discharged to the -pp/wer system or to at least one of the loads or 
electric poVer^s-fe^e^^ units when the residual electric power is 
smaller than the predetermined value, prior to charging of the 
secondary battery. A secondary battery electric power storage , , 

W system comprising: a secondary battery connected to a load; a charge 

— /di3chargu unit connectable to the secondary battery, said 
I? charge/diccharge - unit being connectable to a power system and either 

a plurality of loads or a plurality of electric power .s£«tgg>uni ts ; 
a detecting device for detecting a residual electric power in the 
secondry battery; and a control unit for controlling the 
!P - charge/ d i 3charge - unit on the basis of information from the secondary 

battery and at least one of the loads or electric power s-fc-rage units, 
wherein electric power in the secondary battery is discharged to at 
least one of the loads when the residual electric power is larger 
than the predetermined value, and the residual electric power is 
discharged to the^ power system or to at least one of the loads or 
electric power .sxiag^un i ts when the residual electric power is 
smaller than the predetermined value, prior to charging of the 
secondary battery. A secondary ^battery electric power storage 
1^ system , wherein sai d y1 j^taxg@/ d i sch a-pge unit is connected to either 
a plurality of loads or a electric power s-fc-f^ftge units, and said 
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signal line for transmitting information on either said loads or 
said electric power s-fcn-age tfnits and said secondary battery to sa 
control unit, wherein said^^h^se-Mrscir^ge unit distributes 
electric power of said secondary battery among said either said 
loads or said electric power s^r^ge units when said residual 
electric power is larger than the predetermined value. 

The secondary battery electric power storage system is 
characterized by a signal line to transmit the information about 
the operating condition of the plurality of loads to the 
controller, and a signal line for transmitting information about 
the surplus electric power of the secondary battery to the 
controller. 



The secondary battery electric power storage system may be 
provided with at least either a measuring means associated with the 
plurality of loads to measure information about operating condition 
or a measuring means associated with the secondary battery to 
measure information about the surplus electric power. The 
measuring means may be ordinary measuring means (sensors) suitable 
for the purpose of measurement. 

The secondary battery electric power storage system is 
characterized also by the connect ion^of a plurality of electric 
power storage units to the ^harge/ 44-frehgrge unit, and the 
connection of the plurality of electric power storage units and the 
controller by an information transmitting means. 

The plurality of electric power storage units may be provided 
with a measuring means for measuring the condition of power storage. 

The measuring means may be an ordinary measuring means (sensor) 
suitable for the purpose of measurement. 

The present invention is applicable to, for example, the 
secondary batteries of electric vehicles, the second batteries of 
hotwater supply systems, secondary batteries for illumination, 
secondary batteries for air-conditioning systems, buildings, 
factories, apartment houses, cities and general residential 
buildings provided with power supply facilities, such as emergency 
power supplies, and transport facilities using electric power. 

Desirably, the controller is provided with a clock or a timer. 

The present invention provides also a secondary battery 

electric power storage system comprising a secondary battery 
^ CCJVivi e-^H* ^ 

J> connected to loads, and a charge/di-sefrarrge unit capable of being 

A 

connected to a power system, and connected to the secondary battery 
and at least either a plurality of loads or a plurality of electric 
power storage units, characterized in that a load to which power is 
to be fed and the capacity are selected on the basis of information 
about the secondary battery, the plurality of loads and the 
plurality of electric power storage units, and the surplus electric 
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power remaining in the secondary battery after feeding the power 
stored in the secondary battery to the loads is fed to the selected 
load. 

A load to which electric power is to be fed and the capacity 
are selected on the basis of at least one of information about the 
surplus electric power of the secondary battery, information about 
the operating condition of the plurality of loads and information 
about the power storage condition of the electric power storage 
units, and power is fed to the selected load. 

The electric power storage system of the present invention may 
employ the following secondary battery electric power storage 
system for controlling the power system or operations for charging 
and discharging electric power stored in a secondary battery and a 
plurality of electric power storage units. 

The present ^n^ntj^n^provi des ^electric power storage system 

y> comprising a ^ chargo/ d i 3 - cha rg e unit connectable to a power system, 

A 

and connected to at least either a plurality of loads or a 
plurality of electric power storage units, a controller for 
controlling the ohargo/d i g cha - r ge unit, and a connecting means for 

A 

connecting a secondary battery, characterized in that the 
JS> controller controls the charg e /d i ochar ge unit on the basis of 

information from at least one of the plurality of loads, the 
plurality of electric power storage units and the connecting means. 

The secondary battery electric power storage system is 
characterized also by an information transmitting means interposed 
between at least one of the plurality of loads, the plurality of 
electric power storage units and the connecting means, and the 
controller. A secondary battery is connected for charging and 
discharging to the secondary battery power storage system to use 
power effectively. 

At least one of the plurality of loads, the plurality of 
electric power storage units and the connecting means is provided 
with measuring means for measuring various values, associated with 
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the information transmitting means. The information transmitting 
means transmits information measured by the measuring means. 

The secondary' battery to be employed in the present invention 
is provided with a measuring means for measuring the amount of 
electric power charged in the secondary battery and the amount of 
electric power discharged from the secondary battery, and a 
computer that calculates the residual power of the secondary battery. 

More concretely, the secondary battery electric power storage 
system is provided with a measuring means for measuring the 
condition of the secondary battery, and a computer provided with a 
memory capable of storing measured data measured by the measuring 
means, arithmetic programs and information including data on the 
characteristics of the secondary battery, and a controller for 
processing the information stored in the memory and information 
given thereto from external devices, and it is desirable that the 
information stored in the secondary battery can be transmitted by 
the information transmitting means. 

The secondary battery to be used by the present invention is 
at least one of secondary batter Le^including lead-acid batteries, 
nickel-cadmium batter ies,^ nickol/hydrogon batteries and lithium 
batteries, or any combination of these secondary batteries. The 
secondary battery is provided with a storage device capable of 
storing at least the measured data and the arithmetic programs. 

The plurality of electric power storage units are at least a 
plurality of secondary batteries, such as lead-acid batteriep, 
nickel -cadmium batteries, nickel-metal hydride batteries or lithium 
batteries, a plurality of heat storage and heat exchanger systems, 
a plurality of superconducting type electric oloct r.ic power storage 
systems, or any combinations of these batteries and electric 
"electr+c power storage systems. 

The^Gkar Fgc/ d i ocharg e unit is provided with an ac-dc conversion 
means and a switching means. The ac-dc conversion means, such as a 
thyristor, enables the control of power factor. The switching 
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means switches circuits connecting the power system to the 

secondary battery, ^the plurality of loads and the plurality of 

electric power storage uni ts^jHrir^irntfBT stand ing -^Qaerajyjig^e oiid i t i -en 

frhe- s - ai luun dftig tire - loa ds,. / When necessary, the secondary 

battery electric power storage system is provided with a power 

measuring means for measuring the amount of power fed or received 

through the .charge/d i scharge unit, such as a measuring means for 
A 

measuring the amount of charged electric power and the amount of 

discharged electric power, and an information transmitting means 

for transmitting the measured data to the controller for 

controlling the charge/discharge unit. The secondary battery or 

the plurality of electric power storage units may be provided with 

a measuring means for measuring the amount of charged electric 

power and that of discharged electric power. 

The means for measuring the amount of charged electric power 

and that of discharged electric power is a sensor, such as an 

ammeter voltmeter or a Coulomb meter. 

The controller for controlling the ohargo/di o charg e unit is 

A 

capable of selecting a load to which the secondary battery and the 
electric power storage units feed power on the basis of information 
about the amount of the surplus electric power of the secondary 
battery, operating condition of the plurality of loads and the 
power storage condition of the plurality of electric power storage 
units. The secondary battery power storage system may be provided 
with a calculating means for calculating the amount of charged 
electric power and that of discharged electric power on the basis 
of information from the secondary battery, the plural.i ty of loads 
and the plurality of electric power storage uni ta4 fld with a 
m o morij ing Cmeans. 

The information about the operating condition of the plurality 
of loads is information about power necessary for operating the 
plurality of loads or the current power demand of the plurality of 
loads. Preferably, information about scheduled operating time and 



such is used. 

The information transmitting means is, for example, a signal 
line. Information may be transmitted by means of radiowaves. 

The information about the surplus electric power is, for 
example, a measured amount of surplus electric power, data on 
optimum charge and discharge characteristics (charge and discharge 
modes) and the charge and discharge history of the secondary battery. 

The plurality of loads has at least one load, and the 
plurality of electric power storage units has at least one electric 
power storage unit, 

A secondary battery electric power storage system in 

accordance with the present invention comprises a secondary battery 

mounted on a load, such as an electric vehicle, a chargo/di ochar ge" 
^ A 

unit capable of being connected to a power system, such as a charge 

stand, and connected to the secondary battery, a plurality of 

electric power storage units capable of being connected to the 

^> power system, and connected through the^ ehargo/diachargc unit in 

parallel to the secondary battery, a plurality of loads connected 

to the plurality of electric power storage unit, a plurality of 

loads connected to the Ghargo/di 3charge unit. 

A 
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The^efe6rF^/4f scharg e- i ini t capable of being connected to the 
power system may be connected to the secondary battery, the 
plurality of loads and the plurality of electric power storage units. 

The present invention is capable of controlling charge and 
discharge of the plurality of loads, the plurality of electric 
power storage units and the secondary battery on the basis of 
information from the plurality of loads, the plurality of electric 
power storage units and the secondary battery. 

Concretely, /Necessary power can be measured by a power 
measuring means on the basis of the operating condition of the 
plurality of loads. The surplus electric power of the secondary 
battery, the power storage condition of the plurality of electric 
power storage units, and the discharge characteristic and the 
available capacity of the battery are determined, a load to which 
power is to be fed is selected from among the plurality of loads or 
the plurality of electric power storage units, and the surplus 
electric power can be fed through the .cJi arge / di s charg e unit to the 
selected load. ^ 

Naturally, power may be stored in the electric power storage 
units and then power may be fed from the electric power storage 
units to the plurality of loads. 

Thus the surplus electric power can be effectively distributed 
and the residual power can be discharged after determining the 
amount of available power from the residual power. Therefore, the 
soundness of the battery can be secured and discharge control can 
be efficiently carried out. 

When charging the secondary battery, the residual capacity of 
the secondary battery is determined before charging, and whether 
the secondary battery is to be charged or whether the secondary 
battery is discharged is determined on the basis the residual 
capacity of the secondary battery. 

The intrinsic optimum charge and discharge characteristics of 
the secondary battery, and the power demand of the plurality of 
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loads or the power storage condition of the plurality of electric 

v power storage units are measured and a load to which pesrer is to be 

fed is selected. When the plurality of loads has a plurality of 

loads, it is preferable to measure the power demand of each load. 

When the plurality of electric power storage units has a plurality 

of electric power storage units, it is preferable to determine the 

power storage condition of each electric power storage unit. 

For example, a load to which power is to be fed and the amount 

of power to be fed are determined selectively after examining power 

demand to see if the power demand can be supplied by the secondary 

battery and to see if the output current density (large-current 

discharge or smal 1 -current discharge) is appropriate to the 

T> secondary battery, and then the eharge / di s charg e unit connects the 
^ A 

secondary battery to the selected load to feed power to the latter 

by orders of controller. 

When the timer is used, the soundness of the battery can be 

secured and electric power can be efficiently used by accumulating 

electric power in night period rate hours in the night and using 

the accumulated electric power in the daytime. 

More concretely, for example, the secondary battery is charged 

& through the ^shargc/di bthdi ge unit with electric power during night 

period rate hours, the surplus electric power of the secondary 

J? battery is fed (discharged) to the charge/di schafge unit connected 

to the secondary battery, and electric power is fed (discharged) 

X^> through the chargfVri i ,s£haxg,e unit to the plurality of electric 

power storage units, the plurality of loads connected to the 
plurality of electric power storage units and the plurality of 
loads connected to the ■ chargo/diocha -rge unit in day period rate 
hours. Inexpensive night period rate electric power can be stored 
and used, and then the stored electric power can be sold through 
the A ck3rP gc/d - i s char ge unit that can be connected to the secondary 
battery to consumers in day. When selling the stored electric power, 
it is preferable to determine the power demand of the plurality of 
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loads on the basis of information about operating condition 
received from a plurality of electric power storage units or the 
plurality of loads by the controller connected to the 
•r-cka^ge/d+sr^TOT]^ un i t connected to the secondary batteries, to 
select a load to which electric power is to be fed, taking into 
consideration the available power capacity of the secondary battery, 
and to feed the surplus electric power of the secondary battery 



The soundness and the original power capacity of the battery 
can be known by discharging the surplus electric power* The 
original power capacity of the battery can be known from charged 
capacity after discharge of nearly 100% of the full capacity of the 
battery (nearly exhausted state). It is desirable, if possible, to 
know the capacity of the battery every time the battery is 
discharged or charged to know the soundness of the battery. 

Desirably, the secondary battery employed in the present 
invention is provided with, for example, measuring means (sensors) 
for acquiring data, an A/D converter for converting the data 
acquired by the measuring means and giving the converted data to a 
computer, a Memory storing data on the charge and discharge history, 

arithmetic programs, an indication program and data on the 
standard characteristics, and a controller for processing the 
information stored in the memory and information placed into the 
memory by external devices. These components may be integrally 
combined with the battery. 

For example, the arithmetic programs and the indication 
program are an arithmetic program defining a procedure for 
determining discharged capacity by integrating discharge 

current, an arithmetic program defining a procedure for 
determining charged capacity by integrating charge current, an 
arithmetic program defining a procedure for determining converted 
charged capacity, i.e., available capacity under a discharge rate 
and a temperature condition at the time when discharge current 




through 




selected load. 
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data is received from the discharge efficiency and the temperature 
characteristic, determined by converting charged capacity in a 
real-time mode, an arithmetic program defining a procedure for 
determining surplus electric power discharged capacity by 
integrating surplus electric power discharge current data, and an 
indication program defining a procedure for indicating the surplus 
electric power discharged capacity determined by the procedure 
defined by the arithmetic program. 

Discharge current data, discharge voltage data and discharge 
temperature data on the discharge history, are measured by 
measuring means (sensors) when the secondary battery feeds electric 
power to the loads, and the measured data are transferred through 
an A/D converter to a computer provided with a memory and a 
controller. Charging current data, charge voltage data and charge 
temperature data on the charge history, are measured when the 
secondary battery is charged with electric power through the 

S> ^char rgo/d is charge unit connected to the secondary battery in the 
night, and the measured data are transferred through the A/D 
converter to the computer. Surplus electric power discharge 
current data, surplus electric power discharge voltage data and 
surplus electric power discharge temperature ^rf^surplus electric 
power discharge history, are measured by sensors when the secondary 

^ battery discharges surplus electric power through the^oka-Fge/ 

^i3cha Tge~uni t connected to the secondary battery, and the measured 
data are transferred through the A/D converter to the computer. 
The soundness of the battery can be known from those measured data. 
A discharged capacity discharged to the loads and a surplus 
electric power discharged capacity discharged to the charge/ — 
«rd4s- chdi g e unit can be known from the discharge current data and the 
surplus electric power discharge current, and the discharge 
operation of the secondary battery can be controlled so that the 
battery may not be discharged to a voltage below the final 
discharge voltage, i.e., so that the secondary battery may not be 
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overd ischarged, by using the discharge voltage data and the surplus 
electric power discharge voltage data. The charged capacity 
charged into the secondary battery can be known from the charge 
current data. The increase of the voltage of a lithium battery to 
its final charge voltage can be known from the charge voltage data 
and hence the overcharge of the lithium battery can be prevented. 
The final charge voltage of a nickel -cadmium battery can be known 
from the variation of the voltage in the final stage of charging 
operation and hence charging can be terminated before the nickel 
-cadmium battery is overcharged. 

Unlike a nickel-cadmium battery, a nickel-metal hydride 
battery has a small voltage variation in the final stage of charging. 

Therefore, it is desirable to take temperature variation into 
consideration in addition to voltage variation in determining the 
time to stop charging to prevent overcharge. As regards other 
kinds of batteries, abnormal rise of temperature is an indication 
of the abnormal condition of the batteries. Since charging 
efficiency and discharging efficiency are dependent on temperature, 
it is preferable to use temperature data in correcting charged 
capacity and discharged capacity because charged capacity and 
discharged capacity are dependent on temperature. 
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Desirably, the aforesaid data are corrected for charging rate, 
discharging rate and temperature. The standard characteristic data, 

such as the inherent charging efficiency, discharging efficiency 
and temperature characteristic, of the secondary battery are stored 
in the memory. The charge current data and the discharge current 
data given to the A/D converter are integrated to determine charged 
capacity and discharged capacity. The charged capacity is 
converted in a real-time mode into a converted charged capacity, i.e. 
, a capacity available at the discharge rate and under the 
temperature condition at the time when the discharge current data 
is obtained, on the basis of the charging efficiency, the 
discharging efficiency and the temperature characteristic stored in 
the memory. The discharged capacity is subtracted from the 
converted charged capacity determined in the real-time mode to 
determine a residual capacity. Thus, the residual capacity at the 
current temperature and at the current discharge rate can be 
indicated. For example, since the possible distance of travel of 
an electric vehicle is dependent on the condition of the road, 
namely, the possible distance of travel along a downhill is longer 
than that along an uphill, the possible distance of travel can be 
estimated on the basis of the discharging efficiency according to 
the condition of the road, and the estimated possible distance of 
travel can be indicated. 

Since the discharging efficiency is dependent on temperature 
and is subject to seasonal variation, a possible distance of travel 
determined by taking into consideration the temperature 
characteristic can be indicated. 

Surplus electric power discharge capacity can be determined by 

integrating the surplus electric power discharge current data and 

the surplus electric power discharge capacity can be indicated. 

Since the surplus electric power discharge capacity is selling 

electric energy for sale, the surplus electric power discharge 

capacity is transferred to the r.hargft/rf i srhajgp. unit connected to 

A 
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the secondary battery and the power system, the plurality of 
electric power storage units or the plurality of loads. Preferably 
— ^ the ^ha r ge/d i - scha rgs unit is capable of measuring and indicating 
the capacity. 

It is desirable to discharge the surplus electric power from 

the secondary battery in a mode conforming to optimum discharge 

conditions for the secondary battery to secure the soundness of the 

secondary battery and to extend the cycle life of the secondary 

battery. It is preferable to discharge the surplus electric power 

from the secondary battery in conformance with optimum discharge 

conditions stored in the memory when the surplus electric power is 

discharged to the Gk argc/d i ochar g-e unit connected to the secondary 

A 

battery and connectable to the power system. The optimum charge 
and discharge conditions are pieces of information about a 
discharge method specifying, for example, at least one of maximum 
discharge capacity, discharge current, discharge voltage, discharge 
time and a lower limit voltage. More concretely, discharging 
conditions as battery characteristic data including discharge modes, 

such as a constant-current discharge mode, a constant-voltage 
discharge mode, a pulse discharge mode and combinations of those 
discharge modes, an optimum current, an optimim voltage, and 
discharge cutting mode, such as a time-cut mo-te and a voltage-cut 
mode, is stored beforehand in the memory. Charging information 
specifying charging conditions similar to the discharging 
conditions are used for charging. If even one of the batteries of 
a battery set is deteriorated, the deteriorated battery will be 
overdischarged and the cycle life of the same is shorted 
significantly. It is desirable to use a control method determined 
by taking into consideration the type the scale and the security of 
the battery to execute time-cut or voltage-cut on the basis of 
monitored voltage variation. 

The available discharge capacity that can be discharged in the 
future (next) discharge cycle and the cycle life of the secondary 
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battery can be estimated from the past charge capacities of the 

secondary battery and the mode of change of charged capacity. 

Causes of reduction of the capacity of the secondary battery, such 

as the exhaustion of the electrolyte, the deterioration of the 

positive electrode and the deterioration of the negative electrode, 

can be determined from the mode of reduction of the capacity. 

Overdischarge of the battery can be prevented by determining the 

available discharge capacity and the possible discharge time of the 

battery and discharging the surplus power accordingly. Similarly, 

the secondary battery is charged in a mode conforming to the 

optimum charge conditions stored in the memory when charging the 

secondary battery through the chaxg^A U scharg - e - un i t at night, in 

A 

which overcharge of the secondary battery can be prevented by 
determining the available discharge capacity and the possible 
discharge time, and charging the secondary battery accordingly. 

It is desirable to determine beforehand surplus electric power 
discharge hours. For example, the discharge of the surplus 
electric power is interrupted when the surplus electric power is 
not discharged completely. The charge capacity determined in the 
preceding charge cycle is used as charge capacity. Preferably, the 
surplus electric power discharge capacity is determined on the 
basis of the residual capacity, taking into consideration the type 
of the battery to secure the soundness of the baitery. For example, 

since a nickel-cadmium battery and a nickel-metal hydride battery 
T\ subject to large self-discharge and ^ra^ a memory effect, it is 
preferable to discharge 95% to 100% of a discharge capacity in a 
mode conforming to optimum discharge conditions jevised for the 



residual capacity is in the range of 0% to 85% of the charge 
capacity. When the residual capacity is 85% or above of the charge 
capacity, it is better not to discharge the surplus electric power. 

Thus, charging and discharging are simplified and the memory 
effect can be prevented. Since a lithium battery or the like is 



future available discharge 
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subject to a comparatively small self-discharge and the cycle eye+B 
life of a lithium battery or the like is reduced when the same is 
discharged deep, it is desirable to discharge the surplus electric 
power corresponding to 80% to 95% of the discharge capacity in a 
mode conforming to optimum discharge conditions revised for the 
available discharge capacity of the battery, when the residual 
capacity is in the range of 5% to 80%. of the charge capacity. When 
the residual capacity is less than/t%-of the charge capacity, it is 
better not to discharge the surplus electric power because further 
discharge reduces the cycle -e-y^J-e life of the battery. When the 
residual capacity is 80% or above of the charge capacity, it is 
desirable not to discharge the surplus electric power to simplify 
charging and discharging. 

The whole capacity of battery can be known at every discharge 
and the residual capacity of the battery can be accurately 
determined when the surplus electric power is discharged with the 
performance of the battery being taking into consideration. The 
cycle life of the battery and the future capacity of the battery 
can be estimated from the whole capacity of the battery and the 
residual capacity. Accord ingly^ charg o /diacharg o control can be 
carried out according to the change of the performance of the 
battery and thereby the s^tmd+a&s of the battery is enhanced. 

Charging of the battery with the inexpensive night period rate 
electric power in the nighttime and using the surplus electric 
power in the daytime are economically advantageous. 
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Brief Description of the Drawings ^/<z.<z* ~f~r~ / c~ 

Fig. 1 is a block diagram of a secondary battery - oloctoria 

power storage system in accordance 
with the present invention; ^/fe^-T^r-/^ 
Fig. 2 is a block diagram of a secondary battery ej-e etoric • 

power storage system in accordance 

with the present invention; &/e*c^r~fC~ 

Fig. 3 is a block diagram of a secondary battery ele-etrtf-Fic 
power storage system in accordance 
with the present invention; <j&~fec/-r f*t* 

Fig. 4 is a block diagram of a secondary battery eiac-t-o-ric— 
power storage system in accordance 
with the present invention; 

Fig. 5 is a flow chart of a procedure for controlling a 
secondary battery, in accordance with the present invention; 

Fig. 6 is a graph showing the charge/discharge cycle 
characteristics of secondary batteries in a second embodiment 
according to the present invention; 

Fig. 7 is a graph comparatively showing residual capacity 
indications and actual residual capacities in the second embodiment 
according to the present invention; 

Fig. 8 is a graph showing the charge/discharge cycles of 
secondary batteries in a third embodiment according to the present 
invention; 

Fig. 9 is a graph comparatively showing residual capacity 
indications and residual capacities in a comparative example 1; and 

Fig. 10 is a graph showing the charge/discharge cycle 
characteristics of secondary batteries in the comparative example 1. 
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Detailed Description of the Preferred Embodiments 

Preferred embodiments of the present invention will be 
described in detail hereinafter. 

The embodiments are illustrative and not restrictive. 
First Embodiment 

Fig. 1 shows a secondary battery electric power storage system 
in a first embodiment according to the present invention. Although 
the first embodiment is one of the best modes for carrying out the 
invention, the present invention is not limited thereto. Referring 
to Fig. 1, a i^ad— HarTd a ,j&&*%*t^^ i t 2 connectable to a 

power system are connected to a secondary battery 3. A plurality 
of electric power storage units 4 are placed in parallel 
combination with the charge/discharge unit 2 connected to a power 

A 

supply system. A plurality of loads 5 are connected to the 

charge/discharge unit 2 or the electric power storage units 4. A 

signal line 30 indicated by broken lines is connected to a , 

^n^v — 7) e-f-e^T" 

controller 7 included in the c-hargo/di srharge unit 2. £i tec ting 

device 40 detects ^ residual electric power in the -so condry battery. 

When necessary, the secondary battery electric power storage 
system is provided with a means, not shown in Figs. 1 to 4, for 
supplying electric power directly from the power supply system to 
the loads 5 or the electric power storage units 4, bypassing the 
-Ghz*ge /d i scharg e unit 2. When the secondary battery electric power 
storage system is provided with such a means, it is desirable that 
the secondary battery electric power storage system is provided 
with a signal line for transmitting signals representing measured 
values, such as the amount of electric power used to the controller 
7 of the^cha-pge/ d i 3charg e unit 2. Amounts of electric power 
applied to and delivered from the secondary battery 3 and the 
electric power storage units 4 are measured by measuring devices 
and measured data is sent through the signal line to the controller 
7 of t he^eh-a^g c/ d ia ch a rr ge unit 2. 

The secondary battery 3, the electric power storage units 4 
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d connected 



and the loads 5 are provided with sensors (measuring means). 

First the secondary battery 3 is connected to the 

charge/discharge unit 2 to charge the secondary battery 3 with 

night period rate electric power. After the secondary battery has ^ 

been charged, the secondary battery 3 is connected to the h&$&--i^ to 

discharge the secondary battery 3. After discharging, the 

secondary battery 3 is disconnected from the i^ad-+^an 

to the c& argo/ d i o charge unit 2 to discharge the surplus electric 
A 

power of the secondary batter^ 3 in the day period rate hours. A 

controller 6 included in the secondary battery 3 controls the 

secondary batterv 3 for discharging the surplus electric power 

remaining after charging the Ao-ad— ^, i.e., the residual capacity in 

a mode conforming to optimum discharging conditions in the day 

period rate hours. The discharge of the surplus electric power is 

stopped in the night period rate hours and the secondary battery is 

charged. In this state, the charge capacity does not correspond to 

the capacity of the battery because the battery has the residual 

capacity. Therefore, the charge capacity used in the preceding 

charge cycle is used as the charge capacity to be tak i n g- into 

consideration in indicating the residual capacity. The controller 

7 of the chargo/d i acharge - unit 2 measures the amounts of electric 
A 

power required by the electric power storage units 4 or the loads 5, 

selects the electric power storage unit or the load and controls 

the secondary battery 3 to supply the surplus electric power to the 

selected electric power storage unit or the load. 

Fig. 2 shows an embodiment of the present invention. In this 

embodiment, a 4-o#d— lyCana a ^argp/rh" schar-ge- uni t 2 connectable to a 

/ * A 

power system are connected to a secondary battery 3, and electric 



A*™ 



power storage units 4 are placed in parallel combination with the 
^ha^ge /di scha r g e unit 2. 

Fig. 3 shows an embodiment of the present invention. In this 
embodiment, a -l oad 4^ and a charge/d i scharge ^ un i t 2 connectable to a 
power system are connected to a secondary battery 3, and loads 5 
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'JP are connected to the ^hai^/4i-s^raT^r uni t 2. Fig. 4 shows an 

i j • n x ^ . . Seconal/ b 

^ embodiment of the present invention. In this embodiment, a l oad 4 - / ooLct 

<7> and a^chaj^/d-i-sefrarg-e unit 2 connectable to a power system are c 
connected to a secondary ^>a=ti©=p^3, and series circuits each of jsC^A 
electric power storage unit 4 and a load 5 are placed in parallel " 

j) connection with the^aha xge/di sch -arPge unit 2. 
Second Embodiment 

Fig. 5 is a flow chart of a control procedure to be carried 
out by the controllers 6 of the secondary batteries 3 of Figs. 1 to 
4. The control procedure will be described hereinafter with 
reference to Figs. 1 to 5. The secondary battery 3 is provided 
with the controller 6, an A/(D converter 8 and a memory 9. The 
memory 9 is capable of storing standard characteristic data on the 
intrinsic^^r^eristics of the secon^^.baUery 3 including °l\<)Atyft 
charging a£ f ic ienc s4- 10, discharging e f f ici o ncys 11, temperature ' 
characteristics 12 and optimum charge and discharge conditions 13. 
The optimum charge and discharge conditions 13 specify charge and 
discharge modes, such as a constant-current charge mode, constant 
discharge mode, a constant-voltage discharge mode and a constant 
-voltage discharge mode, currents and voltages, cut voltages, 
charge capacities, discharge capacities, charge times and discharge 
times. 

When the secondary battery 3 is connected to the 
charge/discharge unit 2 for charging, the secondary battery 3 is 
controlled for charging according to the optimum charge conditions. 
At every charge cycle, an A/D converter receives charge operation 
data including charge current data 14, charge voltage data 15 and 
charge temperature data 16. The charge voltage data 15 is 
necessary for terminating charging at a cut voltage. The charge 
temperature data 16 is used for detecting the final charge stage 
for a nickel-metal hydride battery. The temperature data 15 is 
used also for detecting the abnormal condition of the battery when 
the temperature of the battery rises abnormally. The charge 
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current data 14 is integrated to obtain a charged capacity. 

m set* 
When the secondary battery 3 is connected to the load— ^ and 

electric power stored in the .secondary battery 3 is discharged into 

the Jre ad y the A/D converter 8 receives discharge operation data 

including discharge current data 17, discharge voltage data 18 and 

discharge temperature data 19. The discharge voltage data 18 is 

necessary for terminating discharge at a cut voltage. The 

discharge current data 17 is integrated to obtain a discharged 

capacity. The discharged capacity is converted in a real-time mode 

for a discharging rate and a temperature represented by the 

discharge temperature data 19 into an available discharge capacity, 

i.e., converted charge capacity, for determining a residual capacity. 

The residual capacity is obtained by subtracting the discharged 

capacity from the converted charge capacity. 

When th^secondary battery 3 is connected to the 

eharge/d i scl raTge unit 2 to discharge the surplus electric power, 

the discharge operation of the secondary battery 3 is controlled 

according to the optimum charge and discharge conditions 13. At 

every surplus electric power discharging operation, the A/D 

converter 8 receives surplus electric power discharge operation 

data including surplus electric power discharge current data 20, 

surplus electric power discharge voltage data 21 and surplus 

electric power temperature data 22. The surplus electric power 

discharge current data 20 is integrated to obtain a surplus 

electric power discharge capacity, and the surplus electric power 

discharge capacity is indicated. The surplus electric power . 

discharge capacity can be transferred through the charg o /di scharg e 

unit 2 to the electric power storage units 4 and the loads S.^it^rr 

selling the surplus electric power, it is preferable to indicate an 

amount of money corresponding to the surplus electric power when 

necessary. 
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Fig. 6 shows the charge and discharge cycle characteristics of 
secondary batteries and Fig. 7 shows the variation of the difference between 

residual capacity indication and actual residual capacity with the number 
of charge and discharge cycles. The capacities of a lead-acid battery B, a 
nickel -cadmium battery D, a nickel -hydrogen battery A and lithium battery E 
decrease slightly as the number of charge and discharge cycles increases, 
^ and the possible numbers of charge and discharge cycles for those batteries 
are not less than 1000. The d i f f e rencd betw e e R^ the residual capacity 
indication and the actual residual capacity f^ y c ry - smal 1. 
Third Embodiment 

When a secondary battery 3 is a nickel -cadmium battery or a 
nickel-metal hydride battery , a controller 6 controls the secondary 
battery 3 for discharging so that 95% to 100% of a discharge capacity 
corresponding to an available discharge capacity is discharged in a mode 
conforming to optimum discharge conditions when the residual capacity is 
0 to 85% of the charge capacity of the secondary battery 3. 

If the residual capacity is 85% or above of the charge capacity, 
surplus electric power discharge is not performed. When the secondary 
battery 3 is a lithium battery, the controller 6 controls the secondary 
battery 3 so that 80% to 95% of a discharge capacity corresponding to an 
available discharge capacity is discharged in a mode conforming to 
optimum discharge conditions when the residual capacity is 5% to 80% of the 
charge capacity. When the residual capacity is 5% or below of the charge 
capacity, surplus electric power discharge is not performed. When the 
residual capacity is 80% or above of the charge capacity, surplus 
electric power discharge is not performed. 

Fig. 8 shows the charge and discharge cycle characteristics of 
^bcrt^o r i ooundo e - the control operation of the controller. The capacities of a 
nickel -cadmium battery, a nickel-metal hydride battery and a lithium 
battery decrease scarcely as the number of charge and discharge cycles 
increases. The possible numbers of charge and discharge cycles for those 
batteries are not less than 1200. 
Comparative Example 1 
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